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Background: Dual sensory loss (DSL) has a negative impact on health and wellbeing and its prevalence is
expected to increase due to demographic aging. However, specialized care or rehabilitation programs for DSL are
scarce. Until now, low vision rehabilitation does not sufficiently target concurrent impairments in vision and
hearing. This study aims to 1) develop a DSL protocol (for occupational therapists working in low vision
rehabilitation) which focuses on optimal use of the senses and teaches DSL patients and their communication
partners to use effective communication strategies, and 2) describe the multicenter parallel randomized controlled
trial (RCT) designed to test the effectiveness and cost-effectiveness of the DSL protocol.
Methods/design: To develop a DSL protocol, literature was reviewed and content was discussed with professionals
in eye/ear care (interviews/focus groups) and DSL patients (interviews). A pilot study was conducted to test and
confirm the DSL protocol. In addition, a two-armed international multi-center RCT will evaluate the effectiveness
and cost-effectiveness of the DSL protocol compared to waiting list controls, in 124 patients in low vision
rehabilitation centers in the Netherlands and Belgium.
Discussion: This study provides a treatment protocol for rehabilitation of DSL within low vision rehabilitation,
which aims to be a valuable addition to the general low vision rehabilitation care.
Trial registration: Netherlands Trial Register (NTR) identifier: NTR2843
Keywords: Dual sensory loss, Visual impairment, Hearing loss, Elderly, Low vision rehabilitation, Hearing aids,
Communication, Intervention, RCTBackground
As a result of the aging of the Western population, im-
pairments of hearing and vision caused by age-related de-
generation of the senses (e.g. presbyacusis and macular
degeneration) are expected to increase rapidly [1,2]. A
relatively large number of older adults suffer from concur-
rent impairments in hearing and vision, also known as
dual sensory loss (DSL) [3-8]. Among older adults, the
prevalence of DSL ranges from 4.7 - 9.7% in the general* Correspondence: h.vreeken@vumc.nl
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reproduction in any medium, provided the orpopulation and from 20-45% in those in nursing homes,
hospitals and low vision rehabilitation [1,9-13].
DSL has a detrimental effect on a patient’s health and
well-being in relation to, for example, communication,
social participation, depression, cognition, functional
disability, health-related quality of life, self-rated health
and mortality [3-5,13-22]. Presumably, DSL also affects
communication partners. Studies on single sensory loss
show that communication partners experience caregiver
burden, depressive symptoms, disability, tension in the
relationship and show increased reliance on informal
care [23-27]. Besides support from friends and family,
sensory impaired patients also rely on support from
community services [26,28] and sensory loss is associated
with high societal costs [29-31].l Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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DSL impairs proper use of hearing aids. The complexity
and small size of hearing aids makes handling and main-
tenance difficult for DSL patients. Examples of difficulties
are inserting the hearing aid or ear mold in the ear, seeing
the controls, or replacing batteries (glare from reflective
surfaces may interfere with seeing the battery polarity)
[32]. Therefore, concurrent visual impairment could (in
addition to other age-related discomforts such as tactile
sensitivity and manual dexterity) impede the handling and
maintenance of hearing aids. This may result in misuse
and/or underuse of hearing aids [32]. Studies among
hearing-impaired older adults reported a low rate of
hearing aid use [33-35]. Although older adults with DSL
are in great need of amplification (because of decreased
lip-reading ability due to visual impairment) [32], many
patients experience problems with handling hearing
aids or do not use them at all despite their well-known
benefits on e.g. on quality of life [36]. Since DSL
patients are less able to compensate with visual cues,
they depend heavily on their (aided) hearing. Therefore,
improper and/or non-use of hearing-aids may lead to
result in a detrimental effect on health.
Second, DSL impairs communication as both good
visual and hearing acuity enhance speech understand-
ing. In DSL patients, age-related hearing loss reduces
the ability to discriminate speech. In turn, a visual impair-
ment reduces the perception of visual cues supporting
speech understanding, such as looking at the speaker’s
face/mouth and other bodily movements and gestures
[32,37-40]. Although use of hearing aids has a positive ef-
fect on communication, problems persist in common
noisy listening situations where hearing aids are inad-
equate [41]. When communication frequently fails, nega-
tive experiences can lead to avoidance of conversations
and so-called ‘communication break downs’. These break
downs are highly distressing and can cause feelings of
loneliness, social isolation and depression [42-45].
Although DSL patients would benefit from rehabilita-
tion to cope with these problems, integrated rehabilita-
tion of DSL is scarce. In current practice, rehabilitation
of sensory impairments in the aging population is divided
into separate rehabilitation services for impairments in
vision (low vision rehabilitation centers) and in hearing
(audiology centers and hearing aid providers). Concurrent
hearing impairment could affect the success of low vision
rehabilitation [12] and vice versa. Moreover, healthcare
providers do not automatically deal with impairment of
the ‘other sense’, which may lead to less effective rehabili-
tation. Therefore, Saunders & Echt (2007) recommended
to combine these two independent services [46]. In fact,
the development and systematic evaluation of multidis-
ciplinary integrated rehabilitation of DSL in older adults
(i.e. communication training in which communicationpartners are involved) is considered one of the most
urgent research needs in health care [46-48].
This paper reports on the development of a ‘Dual
Sensory Loss-protocol’ (DSL protocol) designed for
occupational therapists (OTs) working in the field of
low vision rehabilitation, which focuses on maximal
use of remaining hearing and vision. The protocol pre-
sents an integrated treatment of DSL for older adults
within low vision rehabilitation. In addition, the design
and methodology of a randomized controlled trial (RCT)





In the development of the DSL protocol, literature was
reviewed, and patients and professionals were consulted.
First, the literature was reviewed on the topic of rehabili-
tation of DSL, and on existing interventions or recom-
mendations on rehabilitation of DSL [42,46,49-57] and
audiological rehabilitation [41,58]. Results of the litera-
ture review and content of the protocol were discussed
in interviews and two focus group discussions with pro-
fessionals in low vision and audiological rehabilitation.
Professionals participating in the focus groups were: two
OTs, a social worker, two clinical physicists and three
psychologists (two from the field of low vision and one
from audiological rehabilitation) and an audiologist. These
professionals discussed the design (e.g. manual, checklist,
use of a hand-out card with tips and recommendations for
communication partners) and content of the DSL protocol
(e.g. the importance of raising awareness, provision of
information on hearing assistive devices) and also came
up with specific suggestions (e.g. referral to audiological
centers, social work or peer groups). In these discussions,
it was decided that the DSL protocol would be a new
intervention on top of usual care of low vision, after
remaining eyesight is optimized as much as possible.
However, because professionals may have some (work-
related) bias, DSL patients and their communication part-
ners were also consulted [58]. Three DSL patients (aged
50+ years) and one patient’s partner were interviewed dur-
ing home visits. The patients were invited to participate by
the Dutch Foundation for the Deafblind and by a partici-
pating low vision rehabilitation center (Bartiméus). In all
patients the cause of deaf-blindness was Usher syndrome.
Patients were asked what problems they generally encoun-
tered, and also provided advice for new patients; e.g. they
recommended patients that patients consult other patients
for help and also involve the family in patient care.
A draft of the DSL protocol was sent to all professionals
involved; in two feedback rounds, they were asked to
provide comments/suggestions on the draft.
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However, because of the aim to implement the protocol
in low vision rehabilitation centers, it also focuses on
the gap in knowledge related to audiology and rehabilita-
tion in that field.
Topics described in the DSL protocol
In the DSL protocol, rehabilitation is divided into three
chapters (Chapter 1: Hearing aids; Chapter 2: Optimal
use of the senses; living environment & hearing assistive
devices; Chapter 3: Communication and coping with
DSL). Chapter 1 of the DSL protocol includes informa-
tion on audiology and the benefits/limitations of hearing
aids, and also focuses on the proper use/maintenance of
hearing aids. The chapter starts by informing the patient/
communication partner about both vision and hearing loss
to raise recognition, awareness, knowledge and under-
standing of sensory impairments. Patients/communication
partners are informed about the benefits/limitations of
hearing aids in order to develop realistic expectations and,
for the communication partner to gain understanding of
the situation. Note that care must be taken in addressing
unrealistic expectations, as too low expectations could
demotivate or discourage patients from using hearing
aids [59].
Then, the DSL protocol focuses on the proper and
optimal use of hearing aids. Although correct use of
hearing aids is a prerequisite, it cannot be presumed.
Hearing aid users benefit from training [54]; training
in how to handle, manipulate, insert and remove hear-
ing aids and test batteries enhances hearing aid use
and maintenance. However, older adults may need
additional instruction time to acquire these skills [60].
Because of the expected difficulties related to the vis-
ual impairment and limited training from hearing aid
suppliers, exercises to teach these procedures to DSL
patients and/or proxies are included in the first chap-
ter of the DSL protocol. OTs teach and train patients
(or communication partners) how to handle and maintain
hearing aids with the use of low vision devices (e.g. stand
magnifiers or CCTV) [46].
In the second chapter, the DSL protocol focuses on
optimal use of the senses by improvement of the living
environment in relation to lighting, acoustics and prox-
imity, and the use of low vision and hearing assistive de-
vices [46,61,62]. To improve understanding of speech,
the OT advises to make minor adaptations to optimize
the living environment to improve visibility and audibility
(if required). For example, an OT may, for example, rec-
ommend the patient to reduce the distance between com-
munication partners (proximity) to improve visibility and
audibility [52]. To enhance acoustics, the OT may, for ex-
ample, recommend to reduce background/room noise and
to reduce reverberation with sound-absorbent furnishingssuch as heavy curtains, carpeting and cushions [46]. De-
pending on the situation, OTs may also advise patients
on acoustics, lighting and proximity. Subsequently, OTs
provide advice and information on assistive devices for
hearing and vision, and about the interconnectivity of
the devices.
Communication and coping with DSL is the focus of the
third chapter; it stimulates use of communication strat-
egies (patients and communication partners) and social
participation, it also discusses problems with energy/
fatigue, and provides information on peer support. Com-
munication difficulties and decreased social activity of
DSL patients have a negative impact on wellbeing [45].
Use of effective communication strategies such as seeing
the speaker (use of facial cues by face-to-face orientation
and visual attention) might enhance communication in
difficult situations [63]. These strategies focus on optimiz-
ing auditory-visual speech perception by enhancing face-
to-face communication, effects of high visual contrast,
glare, illumination and distance on visual-speech per-
ception [37]. Although the severity of the visual impair-
ment of DSL patients affects their ability to ‘see the
speaker’, simulations have shown that even severely
visually impaired persons are able to use visual cues up
to some extent for speech reading [37,39,63] and that
DSL patients found learning new strategies useful [56].
Parts of an existing and effective communication train-
ing program for hearing-impaired older patients and
their hearing communication partners, developed by
Kramer et al. (2005) have been incorporated in the DSL
protocol. In this training, older adults with hearing loss
only (and their hearing communication partners) learned
to use communication strategies [41]. Others have also
proposed involving communication partners in the train-
ing of communication strategies [55]. Despite the fact that
DSL patients regularly experience communication dif-
ficulties, communication partners are often unaware of
these problems. OTs address communication difficul-
ties and teach DSL patients and communication part-
ners to use effective communication strategies in
addition to hearing aids, which may also improve their
quality of life. Subsequently, OTs encourage the patient
to bring these newly learned strategies into practice,
and to participate in social activities that they previ-
ously enjoyed, but ceased because of communication
difficulties induced by DSL [49]. Thirdly, another
problem confronting DSL patients is fatigue. DSL pa-
tients often feel exhausted, especially in communica-
tion, when concentration and effort is required for
listening and understanding [56]. OTs address the
problem of fatigue and discuss management of the
energy balance. Finally, OTs provide information on
patient organizations and peer groups which can pro-
vide some support.
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The protocol is divided into two parts: i) a comprehen-
sive guidebook for the professional, and ii) checklists for
each patient. The guidebook provides background infor-
mation, materials and comments on each exercise. Ma-
terials include a CD, DVD, large printed handouts (font
14, light-yellow colored matte/non-glossy paper), infor-
mation on patient organizations, a large printed picture
of a loop system sign, information on financial compen-
sation for assistive devices, a handout with instructions
on hearing aid use and maintenance, and handouts with
communication strategies for patient and communica-
tion partners.
The second part of the protocol consists of checklists
for each patient with exercises and instructions, which
follow the three chapters of the guidebook. Items of the
checklist are:
Introduction
1) Discuss goal and design of treatment
2) Check severity of vision and hearing loss
3) Check available low vision and hearing aids
4) Check if the patient has comorbidity
5) Create awareness with the patient of his/her dual
sensory loss
6) Create awareness of the communication partner
about dual sensory loss (CD)
Chapter 1: Hearing aids
7) Give information on hearing aids and discuss
realistic expectations
8) Discuss experiences and problems with hearing aids
9) Check working of hearing aid, batteries and tube
10) Check amplification of hearing aid
11) Check replacement of hearing aid and ear mold
12) Check visibility of hearing aid, advise on use of low
vision devices if necessary
13) Check the possibilities of the hearing aid, such as
settings/modes and programs
14) Check skills in hearing aid use and manipulation of
controls
15) Check batteries and battery replacement
16)Mark hearing aid
17) Dry clean ear mold
18)Wet clean ear mold
Chapter 2: Optimal use of the senses: living environ-
ment & hearing assistive devices
19) Lighting for speech reading
20) Advice on acoustics for speech intelligibility
21) Use of loop systems in public buildings22) Use of subtitles and spoken subtitles
23) Check whether the patient would benefit from
other hearing assistive devices
Chapter 3: Communication and coping with DSL
24) Address problems related to fatigue and energy
balance
25) Use of communication strategies by the patient
(handout)
26) Use of communication strategies by communication
partner (handout)
27) Discuss the use of communication strategies on the
basis of propositions
28) Address DSL (vision and hearing impairment) to
the speaker
29) Ask speaker for clarification
30) Discuss communication strategies using specific
questions
31) Provide information on patient organizations and
peer groups
Home assignment
a) Watch the DVD ‘Hearing and being heard’ on the
use of communication strategies, together with the
communication partner. Discuss the situations on
the DVD using questions.
b) Attend a social activity, to apply the new skills and
communication strategies.
The OT will go through the checklist in 3–5 sessions at
the patient’s home; participation of the communication
partner is strongly recommended. The sessions are divided
in two parts of 30 minutes each, separated by a break of
15 minutes. This takes into account, the length of the
sessions, as well as the rapid fatigue and decreased abil-
ity of older adults with DSL to concentrate for longer
periods of time. The exact number of sessions needed to
go through the checklist depends on the abilities/needs of
the individual patient. We anticipate the (valuable) partici-
pation of communication partners, since communication
is interactive and relies on the conversational abilities of
both communication partners.
Training of OTs and pilot-study
To use the DSL protocol, OTs need training. For the
current RCT to test the effectiveness of the DSL protocol,
OTs from two participating rehabilitation institutions were
offered a one-day training in the DSL protocol on October
18th, 2011. The first part of the training was provided by
an audiologist and involved background information on
audiology. Subsequently, a hearing aid provider gave
instructions on the use and maintenance of hearing aids,
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demonstration on hearing assistive devices. In the second
part of the training, a speech therapist taught the OTs
how to teach patients and proxies to use adequate com-
munication strategies, e.g. with the use of role play. In role
play, special glasses and earmuffs were used to simulate
vision and hearing loss of DSL patients. The training was
filmed and later on three other OTs were later trained
with using this film as part of their training.
In a limited pilot study (before the start of the RCT)
OTs went through the DSL protocol with a DSL-patient
in a real-life situation. The results of this pilot study
were evaluated in three meetings with the OTs and, sub-
sequently, a few clarifying adaptations were made to the
protocol.Design and methodology of the RCT
Study design
A two-armed international multicenter parallel RCT
will be conducted to evaluate the health effectiveness
and cost-effectiveness of the DSL protocol from a soci-
etal perspective in low vision multidisciplinary rehabili-
tation institutions in the Netherlands and Belgium. The
design of the trial is shown in Figure 1.
The study is approved by the Medical Ethical Review
Committee of the VU University Medical Center (the
Netherlands) and the Ethical Committee of University
Hospitals UZ/KU Leuven (Belgium) according to the prin-
ciples of the Declaration of Helsinki. The trial is registeredFigure 1 Design of the trial.at the Netherlands Trial Register (http://www.trialregister.nl,
identifier: TC = 2843).
Study population
Prior to the trial, patients of low vision rehabilitation
were screened for eligibility. A short, large-print ques-
tionnaire on hearing problems and hearing aid owner-
ship was sent to all patients (aged >50 years) who
received low vision rehabilitation between January 1 and
October 31, 2012. Addresses were derived from the pa-
tient information databases of the rehabilitation institu-
tions. After two weeks, patients who did not fill in the
questionnaire were telephoned about the questionnaire
and in case the patient was not able to fill in the ques-
tionnaire due to low vision, the questions were ad-
ministered orally by telephone. More details on the
screening and the results of the screening are pub-
lished elsewhere [11].
Patients who experience hearing problems and are in
the possession of a hearing aid will be invited to partici-
pate in the RCT. Hearing aid owners will be invited to
participate because hearing aids, and making optimal
use of hearing aids, are an important part of the DSL
protocol. In addition, by selecting hearing aid owners
with hearing problems by using information from the
questionnaire, patients with both objective hearing loss
(reimbursement of hearing aids from a hearing loss of at
least 35 dB) and self-reported hearing disability will be
selected; these patients are expected to be motivated and
the most suitable for rehabilitation [48]. Moreover, due
Vreeken et al. BMC Geriatrics 2013, 13:84 Page 6 of 12
http://www.biomedcentral.com/1471-2318/13/84to time constraints, it is not possible to wait for patients
to fit hearing aids in order to be able to take part in the
trial; this procedure may take months due to the re-
quired testing period and possible reimbursement.
Written information will be sent to eligible patients and
informed consent will be signed prior to inclusion. It is
expected that about 1500 patients need to be screened to
include 124 eligible participants in the trial. Patients who
are unable to comprehend or respond to questions due to
cognitive impairment, or have insufficient knowledge of
the Dutch language, will be excluded from the study.
Table 1 summarizes the inclusion/exclusion criteria.
Randomization
After baseline measurements, participants will be ran-
domly allocated (stratified by therapist) to either the
intervention or control group, by means of computer-
generated tables. Trained OTs employed by the par-
ticipating low vision multidisciplinary rehabilitation
institutions in the Netherlands and in Belgium will pro-
vide therapy for older adults with DSL and their commu-
nication partner (i.e. the intervention group) according to
the newly developed DSL protocol. To prevent unequal
distributions of participants in the control and interven-
tion groups among OTs, participants will be stratified
within working areas of OTs before randomization
resulting in eight strata, one for each of the eight partici-
pating OTs (four OTs from Bartiméus, two OTs from
Visio and two OTs from Blindenzorg Licht en Liefde).
Block randomization will be performed in blocks of two to
ensure equal group sizes in each stratum. Randomization
will be performed by an independent researcher using a
computer-generated allocation scheme so that the re-
searcher who will analyze the data is blinded (trained
research assistants will enter all data into a laptop com-
puter using codes). All participants will be informed
about the allocation. In case a participant is allocated to
the treatment group, an email will be sent to inform the
designated OT. Treatment will take place in the partici-
pant’s home in 3–5 appointments, depending on theTable 1 Inclusion and exclusion criteria for the
randomized controlled trial
Inclusion Exclusion
Age≥ 50 years Cognitive deficits
Visual impairment (low vision
rehabilitation)
Deaf persons
Hearing impairment: Insufficient knowledge of
the Dutch language
• Self-reported hearing problems*
• Hearing aid ownership (mean pure
tone thresholds at 1000, 2000 and
4000 Hz >35 dB the Netherlands, and
>40 dB Belgium)
*See Vreeken et al. 2013 [11].individual needs of the participant and/or proxy. All
participants have received low vision rehabilitation and
hearing aid fitting before entering the study. Using a
waiting list procedure, participants in the control
group will be offered treatment after 3-month follow-
up measurements.
Data collection
Measurements will include face-to-face structured inter-
views and will be performed by trained research assis-
tants in a quiet room in the home of the participant at
baseline and at 3-months follow-up. Data collection will
take about two hours per measurement. The software
program Blaise Enterprise 4.7 (Heerlen, the Netherlands)
will be used to directly enter data into laptop computers.
Communication partners will be asked to fill in a written
questionnaire at baseline and at 3-months follow-up. To
measure the ability of understanding speech in noise
(speech-reception-threshold in noise), a speech-in-noise
test developed by Smits et al. (2013) will be included in
the baseline measurements [64]. In the present study,
the test will be programmed on laptop computers and
performed with headphones (Speedlink Medusa). Digit
triplets, uttered in Dutch, will be presented in noise. The
participant will repeat the triplet he/she has heard out
loud, after which the research assistant will type the
digits into the laptop computer and the next digit triplet
will be presented to the participant.
Three months after data collection, all participants




The effects of the intervention will be evaluated in
terms of hearing aid use and satisfaction, communica-
tion (primary outcomes), coping, psychosocial health
and perceived quality of life (secondary outcomes) using
several validated questionnaires (Table 2).
Primary outcome measures
Difficulties with hearing aid use and maintenance will
be measured with questions on problems with hearing
aid use and maintenance, e.g. “How difficult is it for you
to insert your hearing aid?” or “How difficult is it for
you to change your hearing aid batteries?”. Questions on
hearing aid fitting, hearing aid use and satisfaction will
be based on the Questionnaire for evaluation of hearing
aid fitting, e.g. hours of hearing aid use, use of hearing aids
in different situations, and appreciation of hearing aids
[84]. Self-reported change from hearing aids is measured
with the Dutch version of the widely used International
Outcome Inventory for hearing aids (IOI-HA) [65,66,85].
The Communication Profile for the Hearing Impaired
Table 2 Measurements assessed in DSL patients and their





Hearing aid fitting, hearing aid use and
satisfaction
X X
Difficulties with hearing aid use and
maintenance
X X
Change in hearing aid use (IOI-HA) [65,66] X







Health (subjective health) X X
Health related quality of life (EuroQol-5
Dimensions (EQ-5D)) [69]
X X
Coping with hearing impairment
(CPHI-personal adjustment) [68]
X X
Vision-related quality of life (LVQOL) [70,71] X X
Loneliness (Loneliness scale) [72,73] X X
Fatigue (FAS) [74] X X
Participation (parts of D-AI-interpersonal
interactions and relationships) [75]
X X
Autonomy (PAQ) [76] X X
Evaluation of intervention Xi
Covariates
Patient characteristics (e.g. age, gender,
education, living arrangement)
X
Disability characteristics (eye condition, VA,
self-perceived vision (VFQ25-general vision
subscale [77]), hearing condition, hearing loss
(speech-reception-threshold in noise))
X
Cognition (6-item screener MMSE) [78] X
Depressive symptoms (CES-D) [79] X X
Major life events between baseline and follow-up X
Communication partners
Primary outcomes
Coping with hearing loss (HHDI ‘reactions of
others’ scale) [80]
X X
Change from hearing aid use (IOI-HA-SO) [67] X
Change from communication strategies
(IOI-AI-SO) [67]
Xi
Quality of life (CarerQoL) [81] X X
Evaluation of intervention Xi
Secondary outcomes
Chronic fatigue (FAS) [74] X X
Depression (CES-D) [79] X X
Health (subjective health, EQ-5D) [69] X X
Table 2 Measurements assessed in DSL patients and their
communication partners at baseline and 3-month follow-up
(Continued)
Covariates
Demographic characteristics (e.g. age, gender) X
Relationship with patient (sort and quality of
relation)
X X
Self-efficacy (G-SES) [82] X X
Costs
Healthcare use (iMCQ) [83] X X
Intervention costs (occupational therapists,
travel costs, time communication partner)
Xi
Costs informal care (SF-HLQ, time spent on
care for communication partner)
X X
Proxy: Travel time and expenses X
Proxy: Time spent on care giving for
communication partner
X X
Xi Assessed in intervention group only.
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related to hearing impairment and is divided into two
domains: ‘Communication Strategies’ and ‘Personal
Adjustment’ [68]. The ‘Communication Strategies’ do-
main of the Dutch 35-item version of CPHI will be
used to measure Communication (coping behavior in
communicative situations) and consists of three sub-
scales: ‘Maladaptive Behavior’; ‘Verbal Strategies’ and
‘Non-verbal Strategies’ [68]. Self-reported change from
communication strategies reported by the participant is
measured with the Dutch version of the International
Outcome Inventory for alternative strategies (IOI-AI)
[67]. Both measures have been used for evaluation of
communication programs by, e.g. Kramer et al. (2005)
and Hickson et al. (2005) [41,48]).Secondary outcome measures
Secondary outcomes will be coping, quality of life,
health, fatigue, loneliness, participation and autonomy.
First, the domain ‘Personal Adjustment’ of the CPHI will
be used to assess change in adjustment to hearing loss
and consists of three subscales: ‘Self-Acceptance’, ‘Accept-
ance of Loss’ and ‘Stress & Withdrawal’ [68]. Second, the
Low Vision Quality Of Life (LVQOL) questionnaire is
used to assess vision-related quality of life outcomes of
participants [70,71]. The LVQOL consists of four scales:
Basic aspects of vision, vision-related Mobility, Adjust-
ment to vision loss, Reading and fine work. Health was
measured with an item on subjective health and with the
Euroqol 5 Dimensions (EQ-5D) questionnaire to measure
health status [69]. Fatigue is assessed with the Fatigue As-
sessment Scale [74]. To measure participation, a number
of items of the Dutch ICF Activity Inventory will be
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interactions and relationships’, e.g. with regard to com-
munication and understanding of DSL [75]. Further-
more, an item on withdrawal from social activities was
included: “Are there any activities you withdraw from
because of your dual sensory impairment?”. Autonomy
problems will be assessed with the 9-item version of the
Patient Autonomy Questionnaire (PAQ) [76]. Feelings of
emotional and social loneliness will be measured with the
11-item Loneliness Scale [72]. Examples of the 11 items of
this scale will be “I miss heaving a really close friend”
(emotional loneliness) and “I can call on my friends when-
ever I need them” (social loneliness). The DSL protocol
was evaluated with the questions: “Are you satisfied with
the advice of the OT?”, “Would you recommend the DSL
protocol to other DSL patients?”, “Are you satisfied with
the treatment?” and “Are you satisfied with the results?”.
Independent variables
In addition, patient and disease characteristics will be
assessed. Information on age, gender, education level, living
arrangement (living alone or with a partner), comorbidity,
eye condition (e.g. macular degeneration, diabetic retinop-
athy, glaucoma), ear condition (e.g. presbycusis, tinnitus)
and hearing acuity (speech-reception-threshold in noise,
defined as the signal-to-noise ratio corresponding to
50% intelligibility) will be collected by research assis-
tants. Visual acuity and other relevant data, such as the
eye condition, will be obtained from the patient’s files at
the low vision rehabilitation centers with the patient’s
consent. Cognitive impairment is assessed with the six-
item screener derived from and comparable to the full
Mini-Mental State Examination (MMSE) [78]. Finally,
the Dutch version of the Center for Epidemiological
Studies-Depression scale (CES-D), a general indicator
of depressive mood, is used to assess the presence of de-
pressive symptoms, which may influence the outcome
of the study [79]. Participants will be asked if major life
events have occurred between baseline and follow-up.
Communication partner
The HHDI ‘reactions of others’ scale assesses attitudes
towards the hearing impaired partner and has been used
to measure coping with hearing loss [80]. Self-reported
change from hearing aids and self reported change from
communication strategies reported by the communica-
tion partner will be measured with the Dutch versions of
the International Outcome Inventory for hearing aids
(IOI-HA-SO) and the International Outcome Inventory
for alternative strategies (IOI-AI-SO) [67]. Health was
measured as subjective health and with the EuroQol 5
Dimensions (EQ-5D) [69]. Evaluation of the DSL protocol
with questions: “Are you satisfied with the advice of the
OT?”, “Are you satisfied with the treatment?”, and ”Areyou satisfied with the results?”. Chronic fatigue was
assessed with the Fatigue Assessment Scale (FAS) [74].
Self-efficacy is measured with the General Self-Efficacy
Scale (GSES) divided in three subscales: Initiative, Effort
and Persistence [82]. Depressive symptoms will be assessed
with the Dutch version of the Center for Epidemiological
Studies-Depression scale (CES-D) [79].
Costs
In a bottom-up price calculation all costs (intervention,
health care costs, costs of formal and informal care) will
be calculated for both the intervention and control
group. Intervention costs include participation of the
OT (time, travel time and expenses), participation of the
communication partner (time, travel time and expenses).
Healthcare costs include costs of medication and con-
sultations of health care providers. The volume of will
be measured with the iMTA Medical Consumption
Questionnaire (iMCQ) [83] and costs will be evaluated
according to the prices suggested in the guidelines for
economic evaluation in The Netherlands [86]. If guide-
lines are not available, costs will be estimated.
Statistical analysis
Data will be analyzed according to the intention-to-treat
principle. Linear mixed models for continuous outcomes
and generalized linear mixed models for counts and cat-
egorical outcomes will be used to assess treatment effects
with respect to primary and secondary outcome measures.
Treatment effects will be assessed according to the ana-
lysis strategy as described by Winkens et al. [87-89] and is
defined as the treatment allocation*time interaction. To
account for correlatedness of outcomes within the same
therapist, a random intercept for therapist is included in
the model.
For participants who are not treated according to the
protocol, intention-to-treat analyses will be compared to
per-protocol analyses. Data will be analyzed using the
software package SPSS 20 for Windows.
Sample size
Power calculations are based on expected progress in
use of communication strategies (the Communication
Strategies Scale of the Hearing Handicap and Disability
Inventory), which has been the primary outcome of
previous studies in persons with hearing loss [41]. In a
previous RCT by Kramer et al. (2005) on the effective-
ness of a home education program for older adults
with hearing impairment only, the mean difference in
communication skills between the intervention and
control group was about 0.5 (SD = 0.8) [41]. Sample
size calculations of this RCT are based on a linear
mixed models and confirmed by some simulations
(data not shown). Sixty-two participants per arm, with
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vention condition, provide a power of 0.80 (1-β) with
alpha 0.05 (two-sided significance level), to detect a 0.5
difference between trial arms after 3 months (corrected
for the differences at baseline), after taking into account a
20% dropout rate.Economic evaluation
In addition to the RCT, an economic evaluation will com-
pare costs and consequences from a societal perspective
of an intervention group receiving the DSL protocol com-
pared with a waiting list control group. Therefore, all costs
and consequences of the DSL protocol will be taken into
account for patient, communication partner and society.
The incremental cost-effectiveness ratios (ICER) will be
calculated; the difference in mean costs between interven-
tion and control group will be divided by the difference in
outcome measures between the two groups. Because costs
data are generally skewed, non-parametric bootstrapping
with 5000 replications of both intervention and control
group will be used to derive 95% confidence intervals for
the ICER. Bootstrapped cost-effectiveness pairs will be
plotted in a cost-effectiveness plane and cost-effectiveness
acceptability curves will be estimated [90].Discussion
Especially among visually impaired elderly, dual sensory
loss (DSL) is highly common. Of all the related difficulties,
communication is perhaps the most challenging and it
may negatively affect a patient’s health and wellbeing. We
expect the newly developed DSL protocol to reduce
these difficulties. This may lead to better hearing aid
use, improved use of effective communication strategies
and hence, better quality of life, health and wellbeing.
This paper describes the ‘Dual Sensory Loss-protocol’
and the design of a multicenter international RCT to
determine the effectiveness and cost-effectiveness of the
DSL protocol.
In the development of the DSL protocol, designed for
OTs working in low vision rehabilitation, we obtained in-
formation from the literature, which we complemented
with interviews and discussions with patients and profes-
sionals (working in ear and eye care). The trial will test the
effectiveness of the additional DSL protocol compared to
a waiting list control group on use and maintenance of
hearing aids; communication; coping with a dual sensory
impairment; social participation and quality of life of the
patient and communication partner; and cost-effectiveness
from a societal perspective.
The development of the protocol and design of the
RCT required decisions as to which professionals would
be most suitable to perform the protocol, and which
DSL patients should be included in the trial.Firstly, the DSL protocol consists of three chapters
suitable for different rehabilitation professionals. On the
one hand, the first two chapters of the DSL protocol
focus on maximizing use of the senses with the use of
hearing aids; other assistive devices; and minor adapta-
tions to the living environment; these are considered
highly suitable topics to be handled by OTs. On the
other hand, the last chapter focuses on psychosocial
issues: it discusses communication difficulties, psycho-
social problems, coping with dual sensory impairment,
and also teaches communication strategies; some consider
that these topics are more suitable for social workers. To
be able to build a relationship of trust, the patient can best
be handled by one professional, and we decided OTs are
the most competent. Secondly, we decided to recruit DSL
patients who already received usual low vision and audi-
ology care, i.e. patients who possess hearing aids and who
have received low vision rehabilitation. This allows us to
investigate the added value of the DSL protocol compared
to a waiting list control group (which was allowed to
receive other interventions if needed).
Several studies have aimed to meet the urgent need
for evidence-based protocols and interventions in re-
habilitation [91-94]. However, until now, little attention
has been paid to the development and evaluation of in-
terventions for the vulnerable group of DSL patients,
who represent an urgent research need [47]. Our in-
novative study on rehabilitation of DSL for use in low
vision rehabilitation is one of the few addressing these
needs in older patients with age-related DSL. Addition-
ally, low vision patients who seek help for their impair-
ment at multidisciplinary low vision rehabilitation
centers will likely be open to rehabilitation in general.
We believe our DSL protocol will assist frail elderly with
DSL in low vision rehabilitation; it addresses urgent
needs not yet addressed by other interventions.
However, there are limitations to the study concerning
both the protocol and the RCT. First, the DSL protocol
was developed for patients with some residual vision
and hearing, which concerns the vast majority of DSL
patients [95], and focuses on maximum use of both
senses. Therefore, the protocol is less suitable for totally
blind and/or deaf patients; information on teaching tact-
ile sign language is not incorporated. Also, although we
believe that the DSL protocol is comprehensive and in-
cludes various forms of rehabilitation, eccentric viewing
is not included. It maybe worthwhile for future imple-
mentation of the protocol to include eccentric viewing
strategies to improve speech reading in patients with
central scotoma [38]. Other limitations are related to the
choice of a pragmatic instead of an explanatory trial.
Further standardization of the DSL protocol would in-
crease the ability to adequately evaluate the effectiveness.
Standardization of the protocol could be improved by, e.g.
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chapter, and the number of sessions per patient. However,
in daily practice it is very important to adapt to the needs
of the individual patient, e.g. severity of vision and hearing
impairment; or other impairments/limitations due to
comorbidity, learning abilities, fatigue or concentration.
For this reason, the current DSL protocol is adaptive to
suit the needs of the individual patient. In line with the
suboptimal standardization, the rather heterogeneous
study population could be another limitation. However, to
ensure generalizability, the study population had to reflect
the variations among patients which occur in actual re-
habilitation practice and to best represent patients in
whom the treatment would be applicable.
Second, due to budgetary restrictions it was not possible
to provide information on the long-term effects. Third,
blinding of participants and OTs is not possible since no
placebo treatment is included in the study to account for
the placebo effect. Participants may report change as a re-
sult of simply meeting with an empathetic professional
each week to discuss problems. Therefore, the effect of the
DSL protocol is the total difference between groups, in-
cluding both treatment and associated placebo effects.
This has both advantages and disadvantages: a disadvan-
tage is that the pure effect of the DSL protocol’s content
remains unclear whereas, on the other hand, reality is best
reflected. This pragmatic trial provides the best reflection
of the likely rehabilitation outcome in actual practice.
This study provides useful information on DSL. Also,
if the trial shows the DSL protocol to be effective, this
will allow multidisciplinary low vision rehabilitation cen-
ters to provide an evidence-based treatment protocol for
DSL patients. The DSL protocol will be an important
tool for OTs to assist their older patients with DSL in
the use of hearing aids, to maximize use of the senses,
and to teach patients and/or communication partners
specific skills to improve communication.
However, DSL needs more attention in other care
settings (besides low vision rehabilitation), such as
nursing homes and audiology rehabilitation. It is esti-
mated that about 2% of the elderly who consult a hear-
ing healthcare professional experience such visual
impairment to such extent, that it limits the perception
of facial cues for communication [54]. Although future
research on DSL in audiology care is recommended,
rehabilitation of DSL in the setting of audiology care
requires even more effort. Hearing impairment in the
elderly occurs much more frequently than visual impair-
ment. Therefore, DSL in audiology rehabilitation is less
common, so that more patients need to be screened to de-
tect patients with DSL. In addition, low vision and hearing
rehabilitation is organized in different ways. For example,
in the Netherlands, many older adults with hearing loss in
the Netherlands do not consult a multidisciplinaryaudiology rehabilitation center but go directly to a hearing
aid dispenser; this occurs much less with low vision.
Besides special treatments for DSL, there is a need for
more collaboration between low vision and audiology re-
habilitation by, for example, making greater use of refer-
rals [53]. To facilitate this, rehabilitation professionals
working in low vision and audiology need interdisciplinary
training, to enable them to detect problems associated
with DSL and to refer patients as required.
In conclusion, until now, insufficient attention has
been paid to the problems of elderly with DSL. However,
the development of this DSL protocol represents an im-
portant step to improve the health and quality of life of
DSL patients.
Abbreviations
DSL: Dual sensory loss; HA: Hearing aid; OT: Occupational therapist;
RCT: Randomized controlled trial.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
RvN conceived and designed the study and GvR, JF SK and DL advised on
the study and its design. HV developed a draft of the DSL protocol and GvR,
SK, JF RvN helped to draft and revise it. DL performed the power calculation
of the RCT and HV conducts the trial. HV drafted the manuscript, which was
revised by all other authors. All authors have read and approved the final
version to be published.
Acknowledgements
The authors thank all patients and professionals for their help in the
development of the DSL protocol. The study is supported by the
Netherlands organization for Health Research and Development-InSight
Society. Grant number 94308002.
Author details
1Department of Ophthalmology, VU University Medical Center, Amsterdam,
The Netherlands. 2EMGO+ Institute for Health and Care Research, VU
University Medical Center, Amsterdam, The Netherlands. 3Department of
Opthalmology, Elkerliek Hospital, Helmond, The Netherlands. 4Department of
Otolaryngology, VU University Medical Center, Amsterdam, The Netherlands.
5Department of Epidemiology and Biostatistics, VU University Medical Center,
Amsterdam, The Netherlands.
Received: 21 June 2013 Accepted: 5 August 2013
Published: 13 August 2013
References
1. Keunen JEE, Verezen CA, Imhof SM, Van Rens GHMB, Asselbergs MB,
Limburg JJH: [Increase in the demand for eye-care services in the
Netherlands 2010–2020]. Ned Tijdschr Geneeskd 2011, 155:A3461.
2. Lin HW, Bhattacharyya N: Otologic diagnoses in the elderly: current
utilization and predicted workload increase. Laryngoscope 2011,
121:1504–1507.
3. Fischer ME, Cruickshanks KJ, Klein BEK, Klein R, Schubert CR, Wiley TL:
Multiple sensory impairment and quality of life. Ophthalmic Epidemiol
2009, 16:346–353.
4. Schneider JM, Gopinath B, McMahon CM, Leeder SR, Mitchell P, Wang JJ:
Dual Sensory Impairment in Older Age. J Aging Health 2011,
23:1309–1324.
5. Chia EM, Mitchell P, Rochtchina E, Foran S, Golding M, Wang JJ: Association
between vision and hearing impairments and their combined effects on
quality of life. Arch Ophthalmol 2006, 124:1465–1470.
6. Bergman B, Rosenhall U: Vision and hearing in old age. Scand Audiol 2001,
30:255–263.
Vreeken et al. BMC Geriatrics 2013, 13:84 Page 11 of 12
http://www.biomedcentral.com/1471-2318/13/847. Schneck ME, Lott LA, Haegerstrom-Portnoy G, Brabyn JA: Association
between hearing and vision impairments in older adults. Ophthal
Physiolog Optics 2012, 32:45–52.
8. Klein R, Cruickshanks KJ, Klein BEK, Nondahl DM, Wiley T: Is age-related
maculopathy related to hearing loss? Archiv Ophthalmol 1998,
116:360–365.
9. Cacchione PZ, Culp K, Dyck MJ, Laing J: Risk for acute confusion in
sensory-impaired, rural, long-term-care elders. Clin Nurs Res 2003,
12:340–355.
10. Jee J, Wang JJ, Rose KA, Lindley R, Landau P, Mitchell P: Vision and hearing
impairment in aged care clients. Ophthalmic Epidemiol 2005, 12:199–205.
11. Vreeken HL, Van Rens GHMB, Knol DL, Van Reijen NA, Kramer SE, Festen JM,
Van Nispen RMA: A major age-related increase of comorbid hearing loss
and hearing aid ownership in visually impaired adults. Geriatr Gerontol Int.
Accepted for publication in Geriatrics and Gerontology International.
doi:10.1111/ggi.12136.
12. Leonard R, Horowitz A: Hearing problems of and the need for hearing
services by consumers of vision rehabilitation services. J Vis Impair Blind
2004, 98:168–172.
13. Grue EV, Ranhoff AH, Noro A, Finne-Soveri H, Jensdottir AB, Ljunggren G,
Bucht G, Bjornson LJ, Jonsen E, Schroll M, et al: Vision and hearing
impairments and their associations with falling and loss of instrumental
activities in daily living in acute hospitalized older persons in five Nordic
hospitals. Scand J Caring Sci 2009, 23:635–643.
14. Crews JE, Campbell VA: Vision impairment and hearing loss among
community-dwelling older Americans: implications for health and
functioning. Am J Public Health 2004, 94:823–829.
15. Harada S, Nishiwaki Y, Michikawa T, Kikuchi Y, Iwasawa S, Nakano M,
Ishigami A, Saito H, Takebayashi T: Gender difference in the relationships
between vision and hearing impairments and negative well-being.
Prev Med 2008, 47:433–437.
16. Keller BK, Morton JL, Thomas VS, Potter JF: The effect of visual and hearing
impairments on functional status. J Am Geriatr Soc 1999, 47:1319–1325.
17. Lam BL, Lee DJ, Gomez-Marin O, Zheng DD, Caban AJ: Concurrent visual
and hearing impairment and risk of mortality: the National Health
Interview Survey. Arch Ophthalmol 2006, 124:95–101.
18. Lee DJ, Gomez-Marin O, Lam BL, Zheng DD, Arheart KL, Christ SL, Caban AJ:
Severity of concurrent visual and hearing impairment and mortality: the
1986–1994 National Health Interview Survey. J Aging Health 2007, 19:382–396.
19. Lin MY, Gutierrez PR, Stone KL, Yaffe K, Ensrud KE, Fink HA, Sarkisian CA,
Coleman AL, Mangione CM: Vision impairment and combined vision and
hearing impairment predict cognitive and functional decline in older
women. J Am Geriatr Soc 2004, 52:1996–2002.
20. Lupsakko TA, Mantyjarvi MI, Sulkava RO, Kautiainen HJ: Combined
functional visual and hearing impairment in a population aged 75 and
older in Finland and its influence on activities of daily living.
J Am Geriatr Soc 2002, 50:1748–1749.
21. Raina P, Wong M, Massfeller H: The relationship between sensory
impairment and functional independence among elderly. BMC Geriatr
2004, 4:3.
22. Tay T, Wang JJ, Kifley A, Lindley R, Newall P, Mitchell P: Sensory and
cognitive association in older persons: findings from an older Australian
population. Gerontology 2006, 52:386–394.
23. Bambara JK, Owsley C, Wadley V, Martin R, Porter C, Dreer LE: Family
caregiver social problem-solving abilities and adjustment to caring for a
relative with vision loss. Invest Ophthalmol Vis Sci 2009, 50:1585–1592.
24. Scarinci N, Worrall L, Hickson L: Factors associated with third-party
disability in spouses of older people with hearing impairment. Ear Hear
2012, 33:698–708.
25. Hallam R, Ashton P, Sherbourne K, Gailey L: Persons with acquired
profound hearing loss (APHL): how do they and their families adapt to
the challenge? Health (London) 2008, 12:369–388.
26. Schneider J, Gopinath B, Karpa MJ, McMahon CM, Rochtchina E, Leeder SR,
Mitchell P: Hearing loss impacts on the use of community and informal
supports. Age Ageing 2010, 39:458–464.
27. Kuzuya M, Hirakawa Y: Increased caregiver burden associated with
hearing impairment but not vision impairment in disabled community-
dwelling older people in Japan. J Am Geriatr Soc 2009, 57:357–358.
28. Tay T, Wang JJ, Lindley R, Chia EM, Landau P, Ingham N, Kifley A, Mitchell P:
Sensory impairment, use of community support services, and quality of
life in aged care clients. J Aging Health 2007, 19:229–241.29. Frick KD, Gower EW, Kempen JH, Wolff JL: Economic impact of visual
impairment and blindness in the United States. Arch Ophthalmol 2007,
125:544–550.
30. Javitt JC, Zhou Z, Willke RJ: Association between vision loss and higher
medical care costs in Medicare beneficiaries costs are greater for those
with progressive vision loss. Ophthalmology 2007, 114:238–245.
31. Hjalte F, Brannstrom J, Gerdtham UG: Societal costs of hearing disorders: a
systematic and critical review of literature. Int J Audiol 2012, 51:655–662.
32. Erber NP: Use of hearing aids by older people: influence of non-auditory
factors (vision, manual dexterity). Int J Audiol 2003, 42(Suppl 2):2S21–2S25.
33. Smits C, Kramer SE, Houtgast T: Speech reception thresholds in noise and
self-reported hearing disability in a general adult population. Ear Hear
2006, 27:538–549.
34. Smeeth L, Fletcher AE, Siu-Woon Ng E, Stirling S, Nunes M, Breeze E, Bulpitt
CJ, Jones D, Tulloch A: Reduced hearing, ownership, and use of hearing
aids in elderly people in the UK--the MRC Trial of the Assessment and
Management of Older People in the Community: a cross-sectional
survey. Lancet 2002, 359:1466.
35. Popelka MM, Cruickshanks KJ, Wiley TL, Tweed TS, Klein BEK, Klein R: Low
prevalence of hearing aid use among older adults with hearing loss: The
epidemiology of hearing loss study. J Am Geriatr Soc 1998, 46:1075–1078.
36. Mondelli MFCG, Souza PJS: Quality of life in elderly adults before and
after hearing aid fitting. Braz J Otorhinolaryngol 2012, 78:49–56.
37. Legault I, Gagné JP, Rhoualem W, Anderson-Gosselin P: The effects of
blurred vision on auditory-visual speech perception in younger and
older adults. Int J Audiol 2010, 49:904–911.
38. Wilson A, Wilson A, Ten Hove MW, Pare M, Munhall KG: Loss of Central
Vision and Audiovisual Speech Perception. Vis Impair Res 2008, 10:23–34.
39. Dickinson CM, Taylor J: The effect of simulated visual impairment on
speech-reading ability. Ophthalmic Physiol Opt 2011, 31:249–257.
40. MacLeod A, Summerfield Q: A procedure for measuring auditory and
audio-visual speech-reception thresholds for sentences in noise:
rationale, evaluation, and recommendations for use. Br J Audiol 1990,
24:29–43.
41. Kramer SE, Allessie GH, Dondorp AW, Zekveld AA, Kapteyn TS: A home
education program for older adults with hearing impairment and their
significant others: a randomized trial evaluating short- and long-term
effects. Int J Audiol 2005, 44:255–264.
42. Heine C, Browning CJ: Communication and psychosocial consequences of
sensory loss in older adults: overview and rehabilitation directions.
Disabil Rehabil 2002, 24:763–773.
43. Kramer SE, Kapteyn TS, Kuik DJ, Deeg DJH: The association of hearing
impairment and chronic diseases with psychosocial health status in
older age. J Aging Health 2002, 14:122–137.
44. McLaughlin D, Vagenas D, Pachana NA, Begum N, Dobson A: Gender
differences in social network size and satisfaction in adults in their 70s.
J Health Psychol 2010, 15:671–679.
45. McDonnall MC: Risk factors for depression among older adults with dual
sensory loss. Aging Ment Health 2009, 13:569–576.
46. Saunders GH, Echt KV: An overview of dual sensory impairment in older
adults: perspectives for rehabilitation. Trends Amplif 2007, 11:243–258.
47. Kiessling J, Pichora-Fuller MK, Gatehouse S, Stephens D, Arlinger S, Chisolm
T, Davis AC, Erber NP, Hickson L, Holmes A, et al: Candidature for and
delivery of audiological services: special needs of older people.
Int J Audiol 2003, 42:92–101.
48. Hickson L, Lind C, Worrall L, Yiu E, Barnett H, Lovie-Kitchin J: Hearing and
vision in healthy older Australians: Objective and self-report measures.
Int J Speech Lang Pathol 1999, 1:95–105.
49. Berry P, Kelley-Bock M, Rei C: Confident living program for senior adults
experiencing vision and hearing loss. Care Manag J 2008, 9:31–35.
50. Busacco, Debra: Rehabilitation Strategies for Older Adults with Dual
Sensory Loss: Considerations for patients who have hearing and vision
problems. Hearing Rev 2011, 18:40.
51. Bagley M: Helping older adults to live better with hearing and vision
losses. J Case Manag 1998, 7:147–152.
52. Blumsack JT: Audiological assessment, rehabilitation, and spatial hearing
considerations associated with visual impairment in adults: an overview.
Am J Audiol 2003, 12:76–83.
53. Brabyn JA, Schneck ME, Haegerstrom-Portnoy G, Lott LA: Dual sensory loss:
overview of problems, visual assessment, and rehabilitation. Trends
Amplif 2007, 11:219–226.
Vreeken et al. BMC Geriatrics 2013, 13:84 Page 12 of 12
http://www.biomedcentral.com/1471-2318/13/8454. Erber NP, Scherer SC: Sensory loss and communication difficulties in the
elderly. Australas J Ageing 1999, 18:4–9.
55. Heine C, Erber NP, Osborn R, Browning CJ: Communication perceptions of
older adults with sensory loss and their communication partners:
implications for intervention. Disabil Rehabil 2002, 24:356–363.
56. Heine C, Browning CJ: The communication and psychosocial perceptions
of older adults with sensory loss: a qualitative study. Ageing Soc 2004,
24:113–130.
57. Kricos PB: Hearing assistive technology considerations for older
individuals with dual sensory loss. Trends Amplif 2007, 11:273–279.
58. Hickson L, Worrall L: Beyond hearing aid fitting: improving
communication for older adults. Int J Audiol 2003, 42(Suppl 2):2S84–2S91.
59. Saunders GH, Lewis MS, Forsline A: Expectations, prefitting counseling,
and hearing aid outcome. J Am Acad Audiol 2009, 20:320–334.
60. Ward PR, Gowers JI: Fitting hearing aids: the effects of method of
instruction. Br J Audiol 1980, 14:15–18.
61. Watson GR: Low vision in the geriatric population: rehabilitation and
management. J Am Geriatr Soc 2001, 49:317–330.
62. Laplante-Levesque A, Hickson L, Worrall L: Rehabilitation of older adults
with hearing impairment: a critical review. J Aging Health 2010,
22:143–153.
63. Erber NPO: Perception of facial cues by adults with low vision. J Vis Impair
Blind 1994, 88:171.
64. Smits C, Goverts TS, Festen JM: The digits-in-noise test: assessing auditory
speech recognition abilities in noise. J Acoust Soc Am 2013, 133:1693–1706.
65. Cox R, Hyde M, Gatehouse S, Noble W, Dillon H, Bentler R, Stephens D,
Arlinger S, Beck L, Wilkerson D, et al: Optimal outcome measures, research
priorities, and international cooperation. Ear Hear 2000, 21:106S–115S.
66. Kramer SE, Goverts ST, Dreschler WA, Boymans M, Festen JM: International
Outcome Inventory for Hearing Aids (IOI-HA): results from The
Netherlands. Int J Audiol 2002, 41:36–41.
67. Noble W: Extending the IOI to significant others and to non-hearing-aid-
based interventions. Int J Audiol 2002, 41:27–29.
68. Mokkink LB, Knol DL, Van Nispen RM, Kramer SE: Improving the quality and
applicability of the Dutch scales of the Communication Profile for the
Hearing Impaired using item response theory. J Speech Lang Hear Res
2010, 53:556–571.
69. Rabin R, De Charro F: EQ-5D: a measure of health status from the
EuroQol Group. Ann Med 2001, 33:337–343.
70. Van Nispen RM, Knol DL, Neve HJ, Van Rens GH: A multilevel item
response theory model was investigated for longitudinal vision-related
quality-of-life data. J Clin Epidemiol 2010, 63:321–330.
71. Van Nispen RM, Knol DL, Langelaan M, Van Rens GH: Re-evaluating a
vision-related quality of life questionnaire with item response theory
(IRT) and differential item functioning (DIF) analyses. BMC Med Res
Methodol 2011, 11:125.
72. De Jong-Gierveld J, Kamphuls F: The Development of a Rasch-Type
Loneliness Scale. Appl Psychol Meas 1985, 9:289–299.
73. Van Tilburg TG, De Jong GJ: Cesuurbepaling van de eenzaamheidsschaal
[Cutting scores on the De Jong Gierveld Loneliness Scale]. Tijdschr
Gerontol Geriatr 1999, 30:158–163.
74. Michielsen HJ, De VJ, Van Heck GL: Psychometric qualities of a brief self-
rated fatigue measure: The Fatigue Assessment Scale. J Psychosom Res
2003, 54:345–352.
75. Bruijning J, Rens G, Knol D, Van Nispen R: Psychometric analyses to
improve the Dutch ICF Activity Inventory. Optom Vis Sci 2013, 90:806–819.
76. Vernooij-Dassen MJFJ, Osse BHP, Schade E, Grol RPTM: Patient Autonomy
Problems in Palliative Care: Systematic Development and Evaluation of a
Questionnaire. J Pain Symptom Manage 2005, 30:264–270.
77. Langelaan M, Van Nispen RMA, Knol DL, Moll AC, De Boer MR, Wouters B,
Van Rens GHMB: Visual Functioning Questionnaire: reevaluation of
psychometric properties for a group of working-age adults. Optom Vis Sci
2007, 84:775–784.
78. Callahan CM, Unverzagt FW, Hui SL, Perkins AJ, Hendrie HC: Six-item
screener to identify cognitive impairment among potential subjects for
clinical research. Med Care 2002, 40:771–781.
79. Radloff LS: The CES-D Scale: A Self-Report Depression Scale for Research
in the General Population. Appl Psychol Meas 1977, 1:385–401.
80. van den Brink RHS: Attitude and illness behavior in hearing impaired elderly.
University of Groningen: PhD Thesis; 1995.81. Brouwer WB, Van Exel NJ, van GB, Redekop WK: The CarerQol instrument: a
new instrument to measure care-related quality of life of informal
caregivers for use in economic evaluations. Qual Life Res 2006, 15:1005–1021.
82. Bosscher RJ, Smit JH: Confirmatory factor analysis of the General Self-
Efficacy Scale. Behav Res Ther 1998, 36:339–343.
83. Productivity and Health Research Group: Medical Consumption Questionnaire
(IMTA MCQ), Rotterdam. Erasmus University Rotterdam: Institute for Medical
Technology Assessment; 2011.
84. Lamoré: Questionnaire for evaluation of hearing aid fitting [Vragenlijst te
gebruiken voor de evaluatie van de hoortoestelaanpassing]. In Nederlands
Leerboek Audiologie. Edited by Lamore PJJ, Kapteyn TS, Franck BAM. Leiden:
Dutch association for audiology [Nederlandse Vereniging voor Audiologie
(NVA)]; 2007.
85. Perez E, Edmonds BA: A systematic review of studies measuring and
reporting hearing aid usage in older adults since 1999: a descriptive
summary of measurement tools. PLoS One 2012, 7:e31831.
86. Hakkaart-van Roijen L, Tan SS, Bouwmans CAM: Manual for cost studies:
Methods and standard cost-prices for economic evaluations in health care]
Handleiding voor kostenonderzoek, methoden en standaardprijzen voor
economische evaluaties in de gezondheidszorg. Diemen: College voor
zorgverzekeringen (CVZ); 2010.
87. Winkens B, Van Breukelen GJ, Schouten HJ, Berger MP: Randomized clinical
trials with a pre- and a post-treatment measurement: repeated
measures versus ANCOVA models. Contemp Clin Trials 2007, 28:713–719.
88. Fitzmaurice G, Laird N, Ware J: Applied Longitudinal Analysis. New York:
Wiley; 2011.
89. Van Breukelen GJ, Van Dijk KR: Use of covariates in randomized controlled
trials. J Int Neuropsychol Soc 2007, 13:903–904.
90. Drummond MF, Sculpher MJ, Torrance GW, O’Brien BJ, Stoddart GL: Methods
for the economic evaluation of health care programmes. Oxford: Oxford
University Press; 2005.
91. Burggraaff MC, Van Nispen RMA, Hoeben FP, Knol DL, Van Rens GHMB:
Randomized controlled trial on the effects of training in the use of
closed-circuit television on reading performance. Invest Ophthalmol Vis Sci
2012, 53:2142–2150.
92. Christy B, Keeffe JE, Nirmalan PK, Rao GN: A randomized controlled trial
assessing the effectiveness of strategies delivering low vision
rehabilitation: design and baseline characteristics of study participants.
Ophthalmic Epidemiol 2010, 17:203–210.
93. Reeves BC, Harper RA, Russell WB: Enhanced low vision rehabilitation for
people with age related macular degeneration: a randomised controlled
trial. Br J Ophthalmol 2004, 88:1443–1449.
94. Rovner BW, Casten RJ, Hegel MT, Massof RW, Leiby BE, Tasman WS: Improving
function in age-related macular degeneration: design and methods of a
randomized clinical trial. Contemp Clin Trials 2011, 32:196–203.
95. Wittich W, Watanabe DH, Gagne JP: Sensory and demographic
characteristics of deafblindness rehabilitation clients in Montreal,
Canada. Ophthalmic Physiol Opt 2012, 32:242–251.
doi:10.1186/1471-2318-13-84
Cite this article as: Vreeken et al.: Dual sensory loss: development of a
dual sensory loss protocol and design of a randomized controlled trial.
BMC Geriatrics 2013 13:84.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
